Precipitated abstinence in orally dosed benzodiazepine-dependent dogs.
The ability of graded doses of flumazenil (2, 6, 18, 36 and 72 mg/kg) and a lactose placebo to precipitate abstinence was studied in dogs treated chronically with diazepam, nordiazepam, flunitrazepam, alprazolam, oxazepam, halazepam and lorazepam by oral dosing. A scale comprised of 10 precipitated abstinence signs, the Benzodiazepine Precipitated Abstinence Scale, was developed, which yielded linear flumazenil log-dose response lines with significant slopes in dogs dependent on diazepam, nordiazepam and flunitrazepam. The effects of 18, 36 and 72 mg/kg of flumazenil in otherwise drug naive dogs were studied. In naive dogs, the most prominent effect of flumazenil was to reduce activity. All benzodiazepines studied produced dependence that was characterized by signs of precipitated abstinence; however, the intensity and quality of abstinence varied from one benzodiazepine to another. Precipitated abstinence in dogs treated chronically with diazepam and flunitrazepam was characterized by a dose-related increase in clonic convulsions and Benzodiazepine Precipitated Abstinence Scale scores. This pattern differed from that seen in nordiazepam- and alprazolam-dependent dogs, which showed a comparable flumazenil dose-related increase in clonic convulsion but only a modest increase in Benzodiazepine Precipitated Abstinence Scale scores. Oxazepam and lorazepam produced dependence that was less intense than that seen with the other benzodiazepines. Plasma levels of the benzodiazepines and their metabolites were repeatedly determined after single doses and during addiction cycles. Nordiazepam accumulated in diazepam- and nordiazepam-dependent dogs and alpha-OH alprazolam accumulated in alprazolam-dependent dogs. Other drugs and metabolites did not. These observations suggest that: 1) different benzodiazepines or their metabolites produce different types of physical dependence, suggesting that they or their metabolites have different mechanisms and sites of action; 2) plasma cumulation of the benzodiazepines or their active metabolites is an important factor in the genesis of physical dependence; and 3) metabolism of benzodiazepines plays an important role in their dependence-producing capacity, and because of differences in the way species metabolize benzodiazepines, the type of dependence produced in different species may differ.